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Improvements to the response to negative-type liquid crystals 

The present invention relates to a method of improving the response times and bulk on-state 
alignments of negative-type liquid crystals. 

Electronic device display technologies require displays with high brightness and contrast, 
low-power consumption and fast refresh/response speed. For projector display elements, liq- 
uid crystal technology is being explored in particular, negative-type liquid crystals, homeo- 
tropically aligned in the off state, are of interest. In these materials, it is important to achieve 
good homeotropicity in the off-state, rapid response times, good homogenous alignment in the 
on-state, high opacity in the off-state and good contrast. 

In a typical display cell and polarizer system, an electric field is applied to a homeo tropic ally 
aligned, birefringent liquid crystal. When the field is applied, the liquid crystal aligns to some 
degree with the field and the birefringence changes, thus, the optical transmission of the sys- 
tem changes. However, the alignment requires some time, which should be as rapid as possi- 
ble. . 

Moreover, when the field is removed or changed, the liquid crystal aligns to some degree to. 
its original position or to the new field and the birefringence changes again. This response 
time should also be minimised in order to improve the quality of the liquid crystal display. 

Numerous researchers have carried out experiments on homeotropically aligned or negative- 
type liquid crystals, however, attempts to improve the properties via the addition of dipolar 
dopants have not been successful so far. 

EP 0 541 388 describes a liquid crystal display device and a method of producing the same. 
Disclosed are devices of the type having a glass substrate coated with a negative-type- 
alignment undercoat film. The negative-type-alignment undercoat film is a film of an oxide 
deposited on the substrate by ion-beam assisted angle vapour deposition. 
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US 3,656,834 describes an additive for a liquid crystal material. The liquid crystal material 
assumes a negative-type texture comprising nematic material having dissolved therein an ad- 
ditive, which can be, amongst others, hexadecyltrimethyl ammonium bromide. 

5 US 3,848,966 describes a negative-type alignment additive for liquid crystals. As in the above 
publication US 3,656,834, a nematic material is added having a negative dielectric anisotropy 
and having dissolved therein from small but effective amounts to 0.5% octadecyl malonic 
acid. 

10 US 4,357,374 describes guest-host liquid crystal display devices with a silane surfactant. In 
the device of this publication, an electrode is provided that is coated with an inorganic insu- 
lating layer, said inorganic insulating layer having been treated to provide orientation by be- 
ing rubbed or polished in a single direction. 

15 EP 1 197 791 describes a liquid crystal mixture, especially for a liquid crystal cell for a colour 
liquid crystal display (LCD) comprising a liquid crystal material and dye, wherein said dye 
has a dipole, preferably a permanent dipole. EP 1 197 791 describes doping positive-type liq- 
uid crystals as opposed to negative-type crystals in order to improve the response times of 
said liquid crystals. 

20 

Moklyachuk, L.I et al. (in Moklyachuk, L.I., M. Yu. Kornilov, Yu. A. Fialkov, M.M. Krem- 
lyov, and L.M. Yagupolsky. 1990. J. Org. Khim. 26:1533.) describe the synthesis of fluori- 
nated liquid crystalline compounds in the form of mesogenic fluorinated derivatives of 
MBBA. The attempts to synthesise the fluorinated derivatives of the cyano-compounds 
25 (which are important for applications because of large dielectric anisotropy) led to non- 
mesomorphic compounds or compounds that show only the smectic phase. However, fluori- 
nated compounds that contain CN groups and exhibit the nematic phase were finally obtained. 

The liquid crystals known in the art have a slow response time and poor bulk on-state align- 
30 ment. The latter requiring stronger methods to promote desired on- state alignment, which can 
be to the detriment of homeotropicity in the off-state. 



Summary of the invention 



The present invention relates to a liquid crystal material, comprising at least one negative-type 
mesogen comprising at least one soluble, dipolar dopant. 

In a preferred embodiment of the liquid crystal material of the present invention, the dopant is 
organic and comprises at least one fluorinated group and/or at least one cyano end group. 

In a further preferred embodiment of the liquid crystal material of the present invention, the 
negative-type mesogen is selected from the group comprising MLC-2038, MLC-6608, MLC- 
6609andMLC-6610. 

In a further preferred embodiment of the liquid crystal material of the present invention, the 
dopant is present in an amount of between about 0.01 to about 10wt% of the mixture. 

In a further preferred embodiment of the liquid crystal material of the present invention, the 
dopant is present in an amount of between about 0.05 to about 5wt% of the mixture. 

In a further preferred embodiment of the liquid crystal material of the present invention, the 
dopant is present in an amount of about 0.1 to about 1.5wt% of the mixture. 

In a further preferred embodiment of the liquid crystal material of the present invention, the 
dopant is selected from the group consisting of FMor2, J6, J6a, J10B, J21, 5DCNQ1 and 
13FPHPIP. 

In another aspect the present invention relates to a liquid crystal cell or a negative-type liquid 
crystal display, comprising a liquid crystal material according to the present invention. 

In another aspect the present invention relates to a method of producing a liquid crystal mate- 
rial, comprising mixing at least one negative-type mesogen with a soluble, dipolar dopant. 

In a preferred embodiment of the method of the present invention, the dopant is organic and 
comprises at least one fluorinated group and/or at least one cyano end group. 



In a further preferred embodiment of the method of the present invention, the negative-type 
mesogen is selected from the group comprising MLC-2038, MLC-6608, MLC-6609 and 
MLC-6610. 

In a further preferred embodiment of the method of the present invention, the dopant is ad- 
mixed in an amount of between about 0.01 to about 10wt% of the final mixture. 

In a further preferred embodiment of the method of the present invention, the dopant is ad- 
mixed in an amount of between about 0.05 to about 5wt% of the final mixture. 

In a further preferred embodiment of the method of the present invention, the dopant is ad- 
mixed in an amount of about 0.1 to about 1 .5wt% of the final mixture. 

In a further preferred embodiment of the method of the present invention, the dopant is se-. 
lected from the group consisting of FMor2, J6, J6a, J10B, J21, 5DCNQ1 and 13FPHPIP. 

Another aspect of the present invention relates to a method of producing liquid crystal cells or 
negative-type crystal displays of the present invention comprising the steps of a) mixing at 
least one negative-type mesogen and about 0.01 to about 10wt% of at least one soluble, dipo- 
lar dopant, b) centrifuging the mixture, c) filling cells with the mixture and, d) annealing the 
filled cells. 

Another aspect of . the present invention relates to a method of improving the response times, 
homogenous on-state alignments and contrast of a negative-type liquid crystal material with- 
out degrading the off-state, comprising adding at least one soluble, dipolar dopant to said liq- 
uid crystal material. 

In a preferred embodiment of the method of the present invention, the dopant is organic and 
comprises at least one fluorinated group and/or at least one cyano end group. 

In a further preferred embodiment of the method of the present invention, the dopant is added 
in an amount of between about 0.01 to about 10wt% of the negative-type liquid crystal mate- 
rial. 



In a further preferred embodiment of the method of the present invention, the dopant is ad- 
mixed in an amount of between about 0.05 to about 5wt% of the negative-type liquid crystal 
material. 

In a further preferred embodiment of the method of the present invention, the dopant is ad- 
mixed in an amount of about 0. 1 to about 1 .5 wt% of the negative-type liquid crystal material. 

In a further preferred embodiment of the method of the present invention, the dopant is se- 
lected from the group consisting of FMor2, J6, J6a, J10B, J21, 5DCNQ1 and 13FPHPIP. 

Another aspect of the present invention relates to the use of a liquid crystal material of the 
present invention in an improved LC-material for display applications. 

Detailed description of the invention 

In view of the problems existing in the art it is an object of the present invention to provide 
negative-type liquid crystals ^yhich will have a reduced (improved) response time.. It is fur- 
thermore an object of the present invention to provide liquid crystals in which the on-state 
heterogeneous alignment is improved and which is more uniform. Moreover, it is an object of 
the present invention that the off-state homeotropic alignment is improved, such that the 
opacity (blackness) of the system is improved. 

This object is solved by a liquid crystal mixture according to claim 1, a liquid crystal cell or a 
negative-type liquid crystal display according to claim 8 and the use of the liquid crystal 
mixture according to claim 23. Claims 2 to 7 are related to preferred embodiments of a liquid 
crystal material. 

According to the invention, a liquid crystal material is provided that comprises at least one 
negative-type mesogen comprising at least one soluble, dipolar dopant. The invention is based 
on the surprising finding that the use of a soluble dopant, a property which can be achieved 
for organic dopants, for example, by fluorination, and which also is dipolar, a property which 
can be achieved tor organic dopants, for example, by having a cyano end group in the liquid 
crystal material, significantly reduces the time that the mixture requires to respond to the ap- 
plication or removal of an electric field. Furthermore, the uniformity of the on-state homoge- 
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neous alignment of the bulk can be improved by some of said dopants. Moreover, it is an ob- 
ject of the present invention that the off-state (blackness) of a display system using the new 
material is improved. 

5 The term "liquid crystal material" refers to a substance having a permanent dipole induced 
dipoie and/or has ferroelectric properties. The induction of a dipole can be realised, for exam- 
ple, by slight rearrangements of electrons and protons in the molecules when an electric field 
is applied. Liquid crystals have in general a resistivity greater than 10 12 Q, preferably greater 
than about 10 13 £1 It can be a blend (mixture) of different liquid crystal materials and, thus a 

1 0 liquid crystal mixture has to be understood in a general meaning to comprise essentially all 
materials or elements that might be used or useful in a functional mixture or layer. The liquid 
crystal mixture has therefore to be understood in case of an application in a liquid crystal cell 
for, e.g. a display, as the complete film or cell itself. It can comprise only one specific kind of 
liquid crystal material and can also comprise different liquid crystal materials as a blend. It 

15 can also comprise additional materials not being liquid crystals. The liquid crystals can also 
be embedded in other materials or molecular groups. Also, any kind of interaction between 
one or more liquid crystal materials and/or other materials or groups or chemical bindings 
may occur, still being comprised from the expression liquid crystal material. The distinguish- 
ing characteristic of the liquid crystalline state is the tendency of the molecules to point along 

20 the same direction, called the director. The tendency of the liquid crystal molecules to point 
along the director leads to a condition known as anisotropy. This term means that the proper- 
ties of the material depend upon the direction in which they are measured. This anisotropic 
nature of liquid crystals is responsible for its unique optical and electrical properties- Liquid 
crystals are preferably switchable in an electric, magnetic or optical field and alignable by 

25 surface effects. 

The term "mesogen" refers to a molecule possessing a "mesogenic" phase which means that 
they have one or more phases between the solid and the liquid phase of matter. Liquid crystals 
are mesogens. 

30 

The term "negative-type" liquid crystal or "negative-type" mesogen within the present inven- 
tion refers to materials that posses negative dieieciric anisotropy, including dual -frequency 
liquid crystals, whereby the dielectric anisotropy is chosen by the nature of the driving field. 
Such negative-type liquid crystals are usually used in applications such that they are aligned 
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in the off-state in a homotropic texture. However, it is also possible to align them homogene- 
ously or heterogeneously in the off-state and turn them on by means of in-plane-switching or 
similar techniques known in the art. The liquid crystal material of the present invention can 
comprise only one type of negative-type mesogen but will in most cases comprise a mixture 
5 of several different negative-type mesogens. 

The term "homeotropic" refers to any alignment of a liquid crystal such that the angle its di- 
rector makes with the normal of the cell walls is less than 45°, ideally 0°, although some de- 
gree of pre-tilt may be advantageous to the functionality of the cell. Liquid crystals in ho- 
10 meotrophic cells usually possess negative dielectric anisotropy and are in the homeotropic 
state when the cell has no field applied. 

The term "homogeneous" refers to any alignment of a liquid crystal such that the angle its 
director makes with the normal to the cell wall is greater than 45°, ideally 90°, although some 
15 degree of pre-tilt may be advantageous to the functionality of the cell. Liquid crystals in ho- 
mogenous cells usually possess positive dielectric anisotropy and are in the homogenous 
state. 

The term "heterogeneous" refers to any alignment of the liquid crystal in a cell such that the 
20 alignments on each wall differ, e.g.on one cell wall it is homeotropically aligned, and on the 
other wall it is homogeneously aligned. 

The term "dopant" refers to a substance that is an additive or guest. It is a material which is 
added to a system, or host, in order to change the properties of the host. The dopants' degree 
25 of solubility in the host is a maximum of 50% by weight, volume or molar concentration. At 
higher concentrations than 50% the host becomes the dopant, and the dopant the host. The 
liquid crystal material can comprise only one dopant, but can also comprise various mixtures 
of dopants. 

30 The term "dipolar" refers to a substance that has a permanent or inducible dipole moment, 
preferably a permanent dipole moment. A dipole moment is introduced into a molecule if it 
contains substituents which result in charge separation and if the individual bond moments are 
not cancelled out by the overall symmetry of the molecule. The dipole moment of the soluble, 
dipolar dopants of the present invention is at least 1 D, preferably at least 5 , preferably at 
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least 10 D and most preferably at least 15 D. Preferably the group introducing a dipole mo- 
ment is located at the end of a linear molecule or if the molecule is branched at the end of one 
branch of the molecule. Suitable groups, which induce a dipole moment in the dopant are, for 
example CF 3 , CN or NO2. 

5 

The term "soluble" refers to a substance that is soluble in the liquid crystal material, com- 
prising at least one negative type mesogen in an amount of at least 0.001, preferably of at 
least 0.01, more preferably of at least 0.05 and most preferably of at least 0.1 wt%. 

10 In a preferred embodiment the dopant is an organic molecule which is soluble in the at least 
one negative-type mesogen. Solubility of the organic dopant is achieved by attaching electro- 
negative atoms or molecules to the groups forming the dopant like, for example, CI or F. A 
preferred substitution is fluorination The substituted, preferably fluorinated dopants of the 
present invention contain preferably between one and ten similar or different electronegative 

15 atom(s) or molecules, preferably fluor atom(s). 

In addition or alternatively, preferably in addition the organic dopant can contain at least one 
group, which induces a dipole moment in the dopant like, for example, CF 3 , CN, C(CN) 2 , 
CH(CN) 2 , C(CN) 3 or NO2. The general structure of such an organic dipolar molecule is de- 
20 picted in the following formula: 







D 










A 







wherein D is selected from, for example, but not limited to, the group aryl, heteroaryl, cyclo- 
alkyl, dialkylamino, pyridino and pyrimidino and wherein A is selected from, for example, 
but not limited to, the group CF 3 , CN, C(CN) 2 , CH(CN) 2 , C(CN) 3 and N0 2 . A preferred group 
30 is the cyano group. 

The dipole moment of the organic soiubie, dipoiar dopants of the present invention is at least 
1 D, preferably at least 5 , preferably at least 10 D and most preferably at least 15 D. Prefera- 
bly the group introducing a dipole moment is located at the end of a linear organic molecule 
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or if the organic molecule is branched at the end of one branch of the molecule. Preferably the 
dopant contains two or more dipole inducing groups and more preferably two cyano groups at 
the end of a linear or at the end of one branch of a branched molecule (so called "end group"). 
A dopant having one or more dipole inducing groups, preferably (a) cyano group(s), at the 
5 end of a linear or branched molecule can additionally have further dipole inducing groups, 
preferably cyano group(s) at position(s) that is(are) not end position(s) and which do not sig- 
nificantly contribute to the dipole moment. 

In a particularly preferred embodiment of the dopant of the present invention the dopant is 
10 fluorinated and has at least one, preferably two cyano end groups. 

v ; - In a preferred embodiment of the invention, small concentrations of soluble, dipolar dopants 

are used that reduce the response times of negative-type liquid crystals, like, e.g., MLC-2038 
MLC-6608, MLC-6609 or MLC-6610 (MLC = "Merck Liquid Crystal", obtainable from 
1 5 Merck) preferably MLC-203 8 is used. 

As mentioned above, the invention is based on the finding, that a small but effective amount 
of a dopant provides positive properties to the liquid crystal materials of the invention. In a 
preferred liquid crystal material according to the present invention, the dopant is present in an 
20 amount of between about 0.01 to about 10wt% of the mixture. More preferably, the liquid 
crystal material according to the present invention contains dopant in an amount of between 
about 0.05 to about 5wt% of the mixture. Most preferred is an amount of dopant of about 0.1 
p: : y to about 1 .5wt% of the mixture. 

25 Several dopants can be used for the liquid crystal material according to the present invention. 
As mentioned above the dopant or dopants must be soluble in the mesogens and be dipolar. In 
a preferred embodiment the dopant is fluorinated and comprises at least one cyano end group. 
Preferably, said dopant is selected from the group consisting of FMor2, J6 J6a, J10B, J21, 
5DCNQ1 and 13FPHPIP, according to the following formulas: 

30 




25 
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5 In addition dopants derived from the above indicated dopants can also be used. Such deriva- 
tives contain further side chains and/or substituents like, for example, F, CI, Br, CN, CF3, 
NO2, CH3 as long as the solubility or dipolarity is not markedly decreased. For example 
5DCNQ1 or J21 can additionally be fluorinated, e.g. at the benzol ring and at at least one of 
the benzol rings, respectively, to increase solubility. 
10 

According to the invention, other dipolar fluorinated derivatives that contain CN group(s) can 
be used as well. 

Another aspect of the present invention relates to a liquid crystal cell or a negative-type liquid 
15 crystal display, comprising a liquid crystal material according to the present invention. The 
thus formed liquid crystal cells or negative-type liquid crystal displays exhibit advantageous 
properties as provided by said dopants. 

Yet another aspect of the present invention relates to a method of producing a liquid crystal 
20 material, comprising mixing at least one negative-type mesogen with a soluble, dipolar, 
dopant. In a preferred embodiment the dopant is organic and comprises at least one solubility 
increasing group, preferably a fluorinated group and/or at least one dipolarity increasing 
group, preferably a cyano end group. 

25 In a preferred method according to the invention, the negative-type mesogen is, for example, 
MLC-2038 MLC-6608, MLC-6609 or MLC-6610 (obtainable from Merck). Preferably the 
negative-type mesogen is MLC-2038. However, other mesogens can be used as well. 
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As mentioned above, the invention is based on the finding, that adding a small but effective 
amount of a dopant provides positive properties to the liquid crystal materials of the inven- 
tion. In a preferred method according to the present invention, the dopant is admixed in an 
5 amount of between about 0.01 to about 10wt% of the final mixture. More preferably, in an- 
other method according to the present invention, the dopant is admixed in an amount of be- 
tween about 0.05 to about 5wt% of the final mixture. Most preferred is a method according to 
the present invention wherein the dopant is admixed in an amount of about 0.1 to about 
1 .5wt% of the final mixture. 

10 

In yet another preferred method according to the present invention, the dopant is selected 
from the group consisting of FMor2, J6 J6a, J10B, J21, 5DCNQ1 and 13FPHPIP, according 
to the above-mentioned formulae. Soluble and dipolar derivatives of those molecules are also 
preferred. If derivatives are used they are preferably, fluorinated derivatives that contain CN 
15 groups. 

A preferred method for the production of liquid crystal cells or negative-type crystal displays 
according to the present invention comprises the steps of a) mixing the negative-type meso- 
gen and about 0.01 to about 10wt%, preferably about 0.05 to about 5wt% and most preferably 

20 about 0.1 to about 1.5wt% of the dopant, b) centrifuging the mixture, preferably at approx. 
5,000 rpm for approx. 5 to 10 minutes, i.e. a time sufficient to sediment the mixture, c) filling 
cells with the mixtures, preferably by capillary action, and, d) annealing the filled cells. An- 
nealing is performed preferably for at least 10 h and most preferably for about 20h. The an- 
nealing temperature is chosen to be preferably between 80 to 120°C. The most preferred an- 

25 nealing temperature is about 100°C. The time and temperature will depend upon the nature of 
the cell, main determinants are the cell gap thickness and the alignment layer used. 

Yet another aspect of the present invention relates to a method of improving the response 
times, heterogeneous on-state alignments and contrast of a negative-type liquid crystal mate- 
30 rial with improving or at least without degrading the off-state, comprising adding at least one 
soluble, dipolar, dopant to said negative-type liquid crystal material. In a preferred embodi- 
ment the dopant is organic and comprises at least one solubility increasing group, preferably a 
fluorinated group and/or at least one dipolarity increasing group, preferably a cyano end 
group and most preferably at least one fluorinated group and at least one cyano end group. 
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In a preferred method according to the invention, the negative-type mesogen is, for example, 
MLC-2038 MLC-6608, MLC-6609 or MLC-6610 (obtainable from Merck). Preferably the 
negative-type mesogen is MLC-2038. However, other mesogens can be used as well. 

5 

In a preferred method according to the present invention, the dopant is added in an amount of 
between about 0.01 to about 10wt% of the of the negative-type liquid crystal material. More 
preferably, in another method according to the present invention, the dopant is added in an 
amount of between about 0:05 to about 5wt% of the of the negative-type liquid crystal mate- 
10 rial. Most preferred is a method according to the present invention wherein the dopant is 
added in an amount of about 0.1 to about l,5wt% of the of the negative-type liquid crystal 
material. 

In yet another preferred method according to the present invention, the dopant is selected 
15 from the group consisting of FMor2, J6 J6a, J10B, J21, 5DCNQ1 and 13FPHPIP, according 
to the above-mentioned formulae. Soluble and dipolar derivatives of those molecules are also 
preferred. If derivatives are used they are preferably, fluorinated derivatives that contain CN 
groups. 

20 According to the present invention the liquid crystal material according to the invention can 
be advantageously used in an improved LC-material for display applications. 

Surprisingly, the use of the fluorinated dopants with a cyano end group in the liquid crystal 
material reduces the turn-on time of negative-type liquid crystals, such as MLC-2038, in the 
25 order of approximately 16% (FMor2), 20% (J6), and 26% (13FPHPIP). Furthermore, impor- 
tantly, the decay time is improved by approximately 14% (FMor2), 15% (J6) and 25% 
(13FPHPIP). 

Furthermore, the dopants can also help in the macroscopic ordering in the on-state, aligning 
30 the bulk liquid crystal collinear with the homogeneous on-state alignment. These improve- 
ments are provided without detrimental loss of the negative-type alignment. 



In a typical embodiment of the negative-type display cell and polarizer system of the present 
invention, an electric field is applied to a homeotropically aligned, birefringent. liquid crystal. 
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When the field is applied, the liquid crystal aligns to some degree with the field and the bire- 
fringence changes, thus the optical transmission of the system changes. However, the align- 
ment requires some time and the present invention significantly and simply reduces this time. 

5 Moreover, when the field is removed or changed, the liquid crystal aligns to some degree to 
its original position or to the new field and the birefringence changes again. This invention 
also reduces this response time. This is a surprising effect that provides even more advantages 
for the liquid crystal material according to the present invention. 

10 Furthermore, the material according to the present invention resolves the orientation of the 
liquid crystal in the system when it is not in the homeotropic state, thereby improving the uni- 
formity of the alignment of the optical axis and director of the liquid crystal and thus the uni- 
formity of the transmission and contrast of the system. This invention therefore allows the use 
of cells with high homeotropic and/or lower strength homogeneous rubbing/orientation. 

15 

Thus, these new types of materials according to the present invention increase the overall ver- 
satility of negative-type liquid crystals by reducing the rise time and decay time of said liquid 
crystals. Furthermore, the invention improves the bulk on-state alignment. 

20 According to another aspect of the present invention, a method of improving the response 
times, homogeneous on-state alignments and contrast with improving, or at least without de- 
grading the off-state, homeotropicity is provided. The invention therefore provides for an im- 
t -: : proved LG-material which is more suited to display applications. 

25 In said method of the present invention, an amount of dopant is added to a negative-type liq- 
uid crystal in order to create a new material with improved properties. As a preferred exam- 
ple, a 0.10% by weight mixture of J8 in MLC-2038 shows an improvement of 20% in the rise 
time, 15% in the decay time and 340% in the contrast over undoped MLC-2038. According to 
a more preferred embodiment of the present invention, the dopant is dipolar and soluble in the 

30 liquid crystal. According to an even more preferred embodiment of the present invention, the 
dopant is fluorinated and has one cyano group. 

The method of the present invention provides a simple method for improving the properties of 
negative-type liquid crystals, involving no complex fabrication steps, merely the addition of 
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an inexpensive dopant. When employing said method of the invention for the production of 
liquid crystal materials, the response times (both rise and decay) are improved, the bulk on- 
state homogeneous alignment is made more uniform, the contrast of the liquid crystal display 
is improved whilst the homeotropicity of the host material is mostly improved. 

5 

The present invention is now described further in the following examples with respect to the 
accompanying drawings in which 

Fig. 1 shows the effect of 0.1 wt% dopants on the rise times of MLC-2038 in EHC 5 jam ho- 
10 meotropic cells, 

Fig. 2 shows the effect of 0.1 wt% dopants on decay time of MLC-2038 in 5 urn homeotropic 
cells, 

15 Fig. 3 shows the effect of 0.1 wt% dopants on the on-state optical transmission of MLC-2038 
in EHC 5 \im homeotropic cells, 

Fig. 4 shows the effect of 0.1 wt% dopants on the off-state optical transmission of MLC-2038 
in EHC 5 |im homeotropic cells. Transmission is the same for all cell rotations, and 

20 

Fig. 5 shows the effect of 0.1 wt% dopant on normalised contrast ratio of MLC-2038 in EHC 
5 jam homeotropic cells. 

Figs. 6. to 9 show the off-state textures and the response time profile for the promising fluori- 
25 nated 0.1 % dopants. All the response profiles shown are those measured at 5.3 Vpp 250 Hz 
AC square wave. The scale of the Figures is 10 x = horizontal 920 ^im x vertical 690 |am, 5 x 
= horizontal 5 x 1840 jam x vertical 1380 Jim. In particular, 

Fig. 6 shows a lOx texture on (0°), response profile and texture off 5x and lOx (0°) of pure 
30 MLC-21038 (cell 4) in EHC 5 jam homeotropic cells. 

Fig. 7 shows the texture on (0° and 45°), response profile and texture lOx off (0 C ) of 0.1% 
FMor2 in MLC-2038 in EHC 5 jam homeotropic cells, 
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Fig. 8 shows the texture on (0° and 45°), response profile and texture lOx off (0°) of 0.1% J6 
MLC-2038 in EHC 5 |im homeotropic cells, and 

Fig. 9 shows the texture on (0°), response profile and texture lOx off (0°) of 0.1% 13FPHPIP 
5 in MLC-2038 in EHC 5jim homeotropic cells. Some crystals are present. 

Examples 

The experimental results shown in the Figures were obtained as follows: 

10 MLC-2038 and 0,1 wt% mixtures mixed (with a magnetic stirrer ) for 10 hours overnight at 
100°C on a hotplate. The mixtures were centrifuged at 5,000 rpm for 7 minutes. Then 5 |im 
t--v : EHC cells were filled with mixtures by capillary action on a hotplate at 100°C. The filled 

cells were then annealed on a hotplate at 100°C for 10 hours and then allowed to cool gradu- 
ally. 

15 

The response profile was measured by placing the cell on an optical microscope with crossed 
polarizers, then applying 250 Hz square-wave AC drive and measuring the transmission using 
a photodiode. The response times to be compared for the improvement are those for the 1 st 
HWP voltage. This gives a field strength of - 1 Vpp/^m (0.5V pg /|nm). When the LC is doped, 
20 the field strength varies by ± 0.1 Vpp/^m for all dopants. For pure MLC-2038 in 5 jam EHC 
negative-type cells the 1 st HWP voltage is 5.3 Vpp. Furthermore, if the 1 st HWP voltage for 
doped cells is above 5.3 Vpp (e.g. when doped with 13 FPHPIP), then the response of these 
doped cells was also measured at 5.3 Vpp, and it is these results taken at 5.3 Vpp that are 
compared and presented. 

25 
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The pure MLC-2038 exhibits slow initial response to an applied voltage. In most cases adding 
25 dopants reduces this slow initial response. However, this is likely to be due to the impurities 
or crystals interfering with the homeotropic alignment. This defect induced alignment pertur- 
bation is unwanted and must be carefully distinguished from the response improvement of the 
dipolar dopant. 

30 However, some dopants are soluble in MLC-2038, and do not seem to interfere with the off- 
state homeotropic alignment. The best dopants in this study were FMor2 and J6. 13FPHPIP 
was good but small crystals were present. For FMor2, J6 and 13FPHP1P the reduction in rise 
time (Fig. 1) does not correspond to an increase in decay time (Fig. 2), so this suggests that 
the anchoring/homeotropic alignment is not appreciably affected or improved. Furthermore, 



the off-state transmission is indeed lowered by FMor2 and J6, and is unaffected by 13FPHPIP 
(Fig. 4). Thus, by comparing Fig. 3 and Fig. 4, the contrast ratio is improved. The improve- 
ment in contrast is shown in Fig. 5 and is 305 ± 15% (J6) and 342 ± 17% (FMor2). These 
dopants also assist in the on-state bulk alignment (Fig. 3, and also comparing textures in Fig. 
6 with Fig. 7, Fig. 8, and Fig. 9). 

The above description of the preferred embodiments of the present invention shall not be re- 
garded as limiting the scope of the present invention in any way . That scope shall be defined 
only by the scope of the appended claims. 



